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© On the:Shapefand Orientation Control of an
- Orbiting Shallow Spherical Shell Structure*
.l e | by, - .'. RN
*, Peter M. Bainum** and A;S.S.R..Reddy*

"Future proposed space missions hould 1nvolve iarge inherently flexible

systems for use 1n'conmun1cations. radiometry, and in electronic orbitai

based mailfsystems. The use of verygjarge shallow dish type structures'to

-

be employed'as receiuers/reflectors tor these missions has been suggested

~In order to satfsfy mission requirements control of theashape as we]l as

the over-all orientation will be often required. The proposed paper {s

devoted to a study of the shape and orientation control of such an orbiting,

: shallow spherical shell structure and. to the authors knowledge, represents

. the first such treatment of this subject.

.‘A related recent paper'l treated the dynamics and stability of a flexible

spherica] shell in orbit in the absence of active shape and orientatton con- -
trol For small amp11tude elastic displacements and rigid rotational modal

amplitudes, it was seen that the roll-yaw (out-of—p1ane) motfions completely

'separate from the pitch (1n-p1ane) and elastic motions a
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Furthermore.'the'pitch and oniy the axi-symmetric eiastic modes are coupied

within the linear range ’Fig 1) Hith the synmetry axis nominaiiy foilowing _',
"1the Iocal vertical the structure is gravitationaiiy unstabie due to an:

_unfavorable moment of inertia distribution. A rigid light weight dumbbeii

with heavy tip masses and conrected to the. shell at its apex by a. spring '

'1oaded doubie gimbailed ioint with damping was proposed to gravitationaily
, stabilize the structure._ It was noted that the dumbbeii motion could excite

2

oniv those eiastic modes having a single nodal diameter and that to. com—

pietely damp the system transient motion in allt’ of the important lower

frequency modes. the use.of an active controi system would be required.l
f}, The proposed paper represents an extension of Ref. 1-to- include in the

mathematical model of the dynamics the effects of point actuators located

at pre-selected positions on the she11 surface (Fig. 2) .The fbrmuiation

of the uncontroiied dynamics assumes an a priori knowiedge of the frequencies )

of all the. e]astic modes” to be incorporated within the system mode]. "For

a typicai iarge fiexibie she]] made of aluminum with a base. radius of 50m .

. radius of curvature of 1250 Sm and distance from the center .of mass to the
apex of Im.. it is seen that the frequencies of the fundamental eiastic mode
and its basic harmonics are grouped very ciose together (within one percent)»
- and contrasts distinctly from the modai frequency distribution of a circular .
.:thin flat. plate with mass equivaient to that of the ‘shell and an identical .
:(base) radius. Tnis close grouping of the frequencies. due the sheli cur-
_q vature. enpha izes the importance of a ciose consideration of modeiiing

uncertainties and such effects on the controi system design -i e resonance._

observation spiilover. etc
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_,Gaussian techniques

' passive dumbbeli Other numerical results and comparisons wiii be presented
"and discussed in the compieuepaper and indicate the improvement in force

- levels at the expense of the additional mass of the’ stabilizing dumbbeii.

1. . Kumar, V.K. and Bainum, -P.M., "On the Motion of a F‘Iexibie Shanw
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' Control laws are designed based on pole clustering and 1inear'quadratic g f“rn;
3 The eiements in the control influence matrices are ' ',Lf_ b

based on the modal shape functions which are evaluated here based on semi- T
analytic techniques.2 As an exampie. three rigid body modes and six eiastic

modes (both axi-symmetric and non axi- Symmetric) are included in the modei

- and six actuators are assumed, none of hhich iie on 2 nodal line or~circ1e (Fig. 3)

For a ieast damped modal time conistant of 461 sec. it is seen that the maximum

torque levels of the order of 1000nt. are required in the absence of the
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Fig. 1: Shallow Spherical Shell with dumbbell ' oo
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Fig. 24 Shallow Spharical Stell Showing Location of. Actia

. S . a

tors. -

o s _W«_ i sy o M Rinadt B

c\. -




.
FTE i e

~a

,l
-
)
ST
. e
S/ X
‘l
&
A
. ;"
¥
g
;] - .
L '
4 -
a )
{4
Y *}
'
4
* {7,
A " e
4 3
- ‘
".!_ » N
% H
- » .
N i N
) )
- .
¢
..f
2 h$
A 2
: 1
g -3
3 §
e
K3
o~
% -
f i
2
;
7
/3
! -
. ,
3
: :
r N
I * 4
A v
v k
! g
; 3
; e
1
] i
A i
,
'),
¥ ,
| %
; :
H
\
!
H

Force (Newtons)

1500

—
o .
2 .
o .
L

.
&
.
¢
v
L]
.
<
o-
¢
‘.
,
s .
.o
3

t

= real time

' W, - orbitul f:equency _ -:4

250n. mi. orbit.

{Shell base diamete
Shell mass = 869 6

r= lOOm

79. 8058 kgs. ..,]w."

_Fig. 3.

(w t) T (Non dimansionalized time)

Tize: Hlutory of f‘,outrol Forces.

A e -

- ‘-"0: : ' Lo

. . N O -t ;
Control law base on pole p:.acement LN
Six actuators DRI
' Truncated eodel: 3 rigid body - wodes . . [ L
6 flexible moden




s e P IR DAPRTS SPSIES LS S UL, A P SIS0, IS UL B o e e s e s ey e

..A.«n.‘w.ﬁ_,....pa. ...Mwﬁw.ﬁmu.@m. e R TR DT AT T &ﬁ&m@.ﬁf g

\M 2 4l J.
.&.Mwww il ;@ ; .‘_.. : ...:. ; i Lt 7 : : ; ) .. . “..:_.\.m. MW

T
)
S

ks

e O w,u@uﬁmm
RGN TR TR O

T A

2




